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ABSTRACT 



An electromagnetic unit injector for use in a diesel 
engine includes a housing with a pump therein defined 
by an externally actuated plunger reciprocable in a 
bushing to define therewith a pump chamber open at 
one end for the discharge of fuel via a discharge passage 
means to a spring biased, pressure actuated injection 
nozzle. The pump chamber is supplied with fuel from a 
fuel chamber, containing fuel at a suitable supply pres- 
sure, via a one-way valve controlled supply passage. 
The discharge passage means is also in flow communi- 
cation with the fuel chamber via a primary drain pas- 
sage means as controlled by a differential area valve. 
The differential area valve, at an enlarged diameter end 
thereof defines, in part, a pressure control valve that is 
connected by a throttle orifice passage to fuel flow in 
the discharge passage means and, by a secondary drain 
passage, having a solenoid actuated control valve 
therein, to the fuel chamber. 

3 Claims, 6 Drawing Figures 
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ELECTROMAGNETIC UNIT FUEL INJECTOR SUMMARY OF THE INVENTION 

WITH DIFFERENTIAL VALVE The present invention provides an electromagnetic 

. unit fuel injector that includes a pump assembly having 

This invention relates to unit fuel injectors of the type 5 a plunger reciprocable in a bushing and operated, for 
used to inject fuel into the cylinders of a diesel engine example, by an engine driven cam, with flow from the 
and, in particular, to an electromagnetic unit fuel injec- pump during a pump stroke of the plunger being di- 
tor having a pilot controlled force balanced differential rected, via a high pressure passage means, to a fuel 
valve therein. injection nozzle assembly of the unit that contains a 

^™t*tw™^v, ^ ~ ™ 10 spring biased, pressure actuated injection valve therein 

DESCRIPTION OF THE PRIOR ART f or controlling flow out through the spray tip outlets of 

Unit fuel injectors, of the so-called jerk type, are t ! ie Ejection nozzle. A differential spool valve is opera- 
commonly used to pressure inject liquid fuel into an tive1y P osition ed to also control fuel flow from the high 
associate cylinder of a diesel engine. As is well known, pressure passage means to a fuel drain passage means 
such a unit injector includes a pump in the form of a 15 ? unn 6 a P um P stf o k e and, a throttle orifice passage also 
plunger and bushing which is actuated, for example, by inter connects the high pressure passage means to a pres- 
an engine driven cam whereby to pressurize fuel to a sure control chamber at one end of ^ spool valve. The 
suitable high pressure so as to effect the unseating of a P ressure control chamber is also in flow communication 
pressure actuated injection valve in the fuel injection „ n ™ a soIenoid vaIve controlled passage with the fuel 
nozzle incorporated into the unit injector. 20 dr ™^!lf ge FuC i ,s . regulated by the 

In one form of such a unit injector, the plunger is ^^?^T ° f ^ ? 1 olen ? ld 1 val ve du ™& a 
provided with helices which coopera e with suable 

~\. • ,. v ■ • 7 , « . pressure control chamber to increase so as to effect 

ports m the bushing whereby to control the pressunza- £ lo$ore ^ ^ , va]ve whereb to ^ ™Zt pZ- 
. t.o„ and therefore the uyecbon of fuel dunng a pump 25 ^ intensified of fuel m tne press^LsaJ 

^ftiSf^f , •*••. , »^ to a value to effect umeatiS of the injection 

In another form of such a unit injector, a solenoid valve. ' 

valve is incorporated in a drain passage in the unit injec- It * therefore a primary object of this invention to 
tor so as to control, for example, the drainage of fuel provide an improved electromagnetic unit fuel injector 
from the pump chamber of the unit injector. In this 30 that contains a pilot controlled force balanced differen- 
latter type injector, fuel injection is controlled by the tial valve used to control injection, 
energization of the solenoid valve, as desired, during a A further object of this invention is to provide an 
pump stroke of the plunger whereby to terminate drain improved electromagnetic unit fuel injector that con- 
flow through the drain passage so as to permit the tains a pilot controlled force balanced differential valve 
plunger to then intensify the pressure of fuel so as to 35 controlling injection whereby the differential valve 
effect unseating of the injection valve of the associated allows the primary fuel bypass (non-injection mode) to 
fuel injection nozzle. spill directly into a fuel drain passage and a solenoid 
Exemplary embodiments of such electromagnetic actuated valve being operatively positioned to, in turn, 
unit fuel injectors are disclosed, for example, in U.S. control operation of the differential valve. 
Pat. No. 4,129,253 entitled Electromagnetic Unit Fuel 40 Another object of the invention is to provide an im- 
Injector issued Dec. 12, 1978 to Ernest fcader, Jr., John proved electromagnetic unit fuel injector having a sole- 
I. Deckard and Dan B. Kuiper; in U.S. Pat. No. no ' d actuated control valve means incorporated therein 
4,392,612 entitled Electromagnetic Unit Fuel Injector tl } at is operable upon energization of the solenoid to 
issued July 12, 1983 to John L Deckard and Robert D. P* lot pressure control the operation of a differential 
Straub; and, in U.S. patent application Ser. No. 457,417, 45 ***** used to terminate the drain flow of fuel, as de- 
now U.S. Pat No. 4,463,900 entitled Electromagnetic durin S a pump stroke to thereby control the be- 
Unit Fuel Injector filed Jan. 12, 1983, in the name of 8™*^ and end of fuel injection. 
Thomas J. Wich, all assigned to a common assignee. For a better understanding of the invention, as well as 
However, in each of these exemplary embodiments, all other ^i 6 ** 8 md farther features thereof, reference is 
drain flow during a pump stroke is through the drain 50 ^ t0 ^ foUowin S detailed description of the inven- 
passage as controlled by the solenoid actuated valve. tjon to be read in connection with the accompanying 
Accordingly, because of the flow rates and pressures drawings. 

encountered, relatively large and powerful solenoids DESCRIPTION OF THE DRAWINGS 

^alT^ 40 effCCt ° Perati ° n ° f ■~° Ctae C0 "- »■ FIG. 1 is a longitudinal sectional view of an electro- 

In still another form of such an electromagnetic unit S^jtf -SlJlS?^ ^V* * 

injector as disclosed in U.S. Pat. No. 4,211,202 entitled B , ^ "2 , ^ 80 

o,,„„ K7 „,_, - T '. * , , that the plunger of the pump thereof is positioned as 

5LX p A ^ Comp T re f sm ft e ^T™^* duril * a P^P stroke ™ d " ith the elebtromagnetic 

Combusfcon Engme issued July 8, 1980 to Gunther a valve means thereof deenergized, and with parts of the 

Hafner, a solenoid actuated valve is used to control unit shown in elevation- 

movement of a servo valve that is positioned to control FIG. 2 is a sectional v'iew of the electromagnetic unit 

spill flow dunng a pump stroke of the plunger of this f ue l injector of FIG. 1 taken along line 2—2 of FIG. 1, 

unit. However, in this structure, the servo valve is posi- showing the director cage, per se, of the injector; 

tioned in the inlet fuel path to the pump chamber in a 65 FIG. 3 is a cross-sectional view of the fuel injector of 

manner whereby it serves, in effect, as a throttle so as to FIG. 1 taken along line 3—3 of FIG. 1, showing the 

provide an impedence to both inlet and drain flow and, spool valve cage, per se, with the ball valve removed, of 

accordingly, limiting the injection quality obtainable. the injector; 
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FIG. 4 is a cross-sectional view of a portion of the internal wall of the nut 10 whereby to define therebe- 

fuel injector of FIG. 1 taken as along line 4—4 of FIG. tween an annular chamber 20, which in a manner de- 

3; and, scribed in detail hereinafter serves as both a fuel supply 

FIGS. 5 and 6 are enlarged schematic functional chamber and also as the fuel drain chamber portion of a 

illustrations of the primary operating elements of the 5 fuel drain passage means, thus the term supply/drain 

fuel injector of FIG. 1 showing the Between Injection chamber 20 will be used hereinafter. 

Cycle Position and the Injection Mode Position, respec- In the embodiment shown, the body 1 and nut 10 

tively, of these elements. assembly is formed of stepped external configuration 

nF<5rRTPTTr»N op tup ppppfudpfi whereby this assembly and, in particular the nut 10, is 

DKCRIPTION^OF^ PREFERRED IQ adapted tQ be moumed - n a suitab , e jnjector socket 

provided for this purpose in the cylinder head of an 

Referring now to the drawings and, in particular, to internal combustion engine, both not shown, the ar- 

FIG. 1, there is shown an electromagnetic unit fuel rangement being such whereby fuel can be supplied to 

injector constructed in accordance with the invention, the subject electromagnetic unit fuel injector via an 

that is, in effect, a unit fuel injector-pump assembly with 15 internal fuel rail or gallery suitably provided for this 

an electromagnetic actuated, pressure balanced valve purpose in the cylinder head, in a manner known in the 

incorporated therein to control fuel discharge from the art. 

injector nozzle portion of this assembly in a manner to As would be conventional, a suitable holddown 

be described. clamp, not shown, would be used to retain the electro- 

In the construction illustrated, the electromagnetic 20 magnetic unit fuel injector in its associate injector 

unit fuel injector includes an injector body 1 which socket in the cylinder head of an engine, 

includes a vertical main body portion la and a side body In the construction shown, the nut 10 is provided 

portion 1ft. The body portion la is provided with a with one or more radial fuel ports or passages 21 

stepped bore therethrough defining a cylindrical lower whereby fuel, as from a fuel tank via a supply pump and 

wall or bushing 2 of an internal diameter to slidably 25 conduit, can be supplied at a predetermined relative low 

receive a pump plunger 3 and an upper wall 4 of a larger supply pressure to the fuel supply/drain chamber 20 

internal diameter to slidably receive a plunger actuator and whereby fuel from this fuel chamber can be drained 

follower 5. The follower 5 extends out one end of the back to a correspondingly low pressure fuel area, 

body 1 whereby it and the plunger connected thereto In the embodiment illustrated, two such opposed 

are adapted to be reciprocated by an engine driven cam 30 radial fuel passage 21 are provided to serve for the 

or rocker, not shown, and by a plunger return spring 6 ingress of fuel to the supply/drain chamber 20 and for 

in a conventional manner. As conventional, a stop pin, the egress of fuel from this chamber. Preferably as 

not shown, would extend through an upper portion of shown, a suitable fuel filter 22 isoperatively positioned 

body la into an axial groove, not shown, in the follower in each of the fuel passages 21. 

5 so as to limit upward travel of the follower. 35 Alternatively, as is well known in the mechanical unit 

The pump plunger 3 forms with the bushing 2 a pump fuel injector art, separate fuel passages located in axial 

chamber 8 at the lower open end of the bushing 2, as spaced apart relationship to each other can be used, if 

shown in FIG. 1. desired, to permit for the continuous separate flow of 

Forming an extension of and threaded to the lower fuel into the fuel supply/drain chamber 20 and for the 

end of the body 1 is a nut 10. Nut 10 has an opening 10a 40 drain of fuel from this chamber during engine operation, 

at its lower end through which extends the lower end of Also, as is well known, either a pressure regulator or a 

a combined injector valve body or spray tip 11, herein- flow orifice, not shown, would be associated with the 

after referred to as the spray tip, of a conventional fuel supply/drain gallery or with separate supply and drain 

injection nozzle assembly. As shown, the spray tip 11 is galleries, if used, whereby to maintain the pressure in 

enlarged at its upper end to provide a shoulder 11a 45 such conduit or conduits at the predetermined rela- 

which seats on an internal shoulder 106 provided by the tively low supply pressure, 

through counterbore in nut 10. Fuel is supplied to the pump chamber 8 of the subject 

Between the spray tip 11 and the lower end of the injector via a suitable one-way check valve controlled 

injector body 1 there is positioned, in sequence starting inlet passage means which in the construction shown 

from the spray tip, a rate spring cage 12, a spring re- 50 includes one of the radial fuel passages 21, and the fuel 

tainer 14, a spool valve cage 15, a valve cage 16 and a supply/drain chamber 20. In addition, as part of this 

director cage 17, these elements being formed, in the inlet passage means there is provided radial passages 24 

construction illustrated, as separate elements for ease of in the valve cage 16 each of which has one end thereof 

manufacturing and assembly. Nut 10 is provided with. in flow communication with the supply/drain chamber 

internal threads 10c for mating engagement with the 55 20 and has its opposite end connecting with a stepped 

external threads 18 at the lower end of body 1. The blind bore passage 25 that extends downward from the 

threaded connection of the nut 10 to body 1 holds the upper end of the valve cage, 

spray tip 11, rate spring cage 12, spring retainer 14, In the construction shown, the upper enlarged diame- 

spool valve cage 15, valve cage 16 and director cage 17 ter end of the blind bore passage 25 is sized so as to 

clamped and stacked end-to-end between the upper face 60 loosely receive a ball valve 26 which is adapted to en- 

116 of the spray tip and the bottom face of body 1. All gage an annular valve seat 27. 

of these above-described elements have lapped mating As best seen in FIGS. 1 and 2, the director cage 17 is 

surfaces whereby they are held in pressure sealed rela- provided with a key-shaped recess 28 (FIG. 2) in its 

tion to each other. upper surface, that is located so that the enlarged circu- 

As best seen in FIG. 1, the director cage 17, valve 65 Iar portion of this recess is axially aligned with the 

cage 16 and the upper enlarged diameter end of spool pump chamber 8 and with circumferentially spaced 

valve cage 15 are each of a preselected external diame- apart passages 30 aligned for communication with the 

ter relative to the internal diameter of the adjacent bored passage 25 so as to define the discharge end of the 
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inlet passage means whereby fuel can be supplied to the Now in accordance with the invention, during a 

pump chamber 8 during a suction stroke of the plunger pump stroke of plunger 3, pressure intensification of 

3. fuel so as to effect opening of the needle valve is con- 

Although a ball type check valve is used in the em- trolled by means of a pilot controlled force balanced 

bodiment of the injector shown, it will be apparent to 5 differential valve 60, to be described in detail hereinaf- 

; those skilled in the art, that any other suitable type of ter, which is operative to permit or block the spill flow 

check valve can be used in lieu of the ball valve 26 of fuel from the high pressure passage means 31, as 

shown. desired. Opening and closing movement of the difieren- 

During a pump stroke of plunger 3, fuel is discharged ^ valve 60 is, in turn, controlled by a solenoid actu- 

from pump chamber 8 into the inlet end of a high pres- 10 ated control valve, generally designated 80, to be de- 

sure passage means, generally designated 31, to be de- scribed hereinafter. 

scribed in detail next hereinafter. For this purpose; the spool valve cage 15 is provided 

An upper part of this high pressure discharge passage wth a through stepped bore that, as shown in FIGS. 1 

means 31, as best seen in FIGS. 2, 3 and 4, includes the 311(1 4 » defines, in succession, a circular internal upper 

key-hole shaped recess 28 in the director cage 17 which 15 wall 62, an upper valve guide wall 63 of reduced inter- 

at the slot end thereof communicates with one end of a nal diameter relative to wall 62, an upper annulus wall 

vertical passage 32 that extends through the director 64 of lar fier internal diameter than wall 63, an interme- 

cage 17. The opposite end of passage 32 is aligned so as diate waI1 65 of reduced internal diameter than wall 64, 

to communicate with one end of a vertical passage 33 a lower annuIus wal1 66 * Md a low « r valve guide wall 

extending through the valve cage 16, the opposite end 20 As shown m HGS - 1 3X16 4 > waUs 65 ^ 67 of 

of passage 33 being in flow communication with a pas- reduced internal diameters relative to the diameter of 

sage, generally designated 34 provided in spool valve the lower 31115111118 wa " 66 Walls 64 and 65 are intercon- 

cage is. nected by an inclined shoulder to define a valve seat 68. 

As best seen in FIG. 4, passage 34 includes a vertical . ™ e dp rent j al v«|ve 60, in the form of a spool valve 

portion 34a and an inclined portion 34*. the latter open- 25 IS f ldMy "f^ed ™ ^pped bore in the spool 

ing into an annulus high pressure chamber 35 described valv "age 15 and, in the construction shown, includes 

in greater detail hereinafter. An inclined passage 36 J™ ^T^^^ portion 6to didably guided 

extends from chamber 35 for flow communication with ^ VC ^^f 63 ^ a ™ dl,oed l0W< £ 

one end of a vertical passage 37 that extends through , n £TJL^ S ^ valve guide wall 

the spring retainer 14 for flow communication within 30 flJ^S^T^ l°™ S£ 

Z^^-ia ~ ia~a • *u -r further reduced external diameter stem portion 60c, 

2S2 fZTil t£T ^."^Pl"*^.^ with the stem portion being connected tb the upper 

SSJ^ r * K^rT* ™rV portion ^ by a tmn^ 

similar annular groove 41 on the bottom face of the ^ defmes / suitable valve seating surface for seating 

spring cage 12 by a vertical passage 40 through the 35 ^ valve * ' g 

SP ^!r ge ^ AU ■ As best seen in HGS. 1,4, 5 and 6, the lower annulus 
The lower groove 41 is, m turn, connected by at least W all66 forms with the stem portion 60c of the valve 60, 
one mclmed^passage 42 to a central passage 43 s ur- ^ chamber 35 £ Qn of ^ w h ^ 
rounding a needle ^valve 44 movably positioned withm means 31. The u£per annulus wall 64 defines 
the spray tip 11. At the lower end of passage 43 is an 40 ^ ^ ^ QTtion m of ^ vaIve 50 „ 
outlet for fuel delivery with an encircling tapered annu- spiI1 chamber 70 which( ^ best seen in nG 1# is m flow 
Jar seat 45 for the needle valve 44 and, below the valve communication with the supply/drain chamber 20 via a 
seat are connecting spray orifices 46 in the lower end of spiU port 7t ^ ^^us spill chamber 70 and 
tnespray top 11. spiU port 71 define, in effect, a primary drain passage for 
The upper end of spray tip 11 is provided with a bore 45 a purpose to be described hereinafter. In addition, the 
47 for guiding opening and closing movements of the upper portion 60* of valve 60 forms with the walls 62 
needle valve 44. The piston portion 44a of the needle and 63 a pressure control chamber 72 and, the lower 
valve shdably fits this bore 47 and has its lower end portion 60* forms with the wail 67 a vent chamber that 
exposed to fuel pressure m passage 43 and its upper end is m flow communication with the spring chamber 48 
exposed to fuel pressure m the spring chamber 48 via an 50 via a control aperture 14* provided in the spring re- 
opening 50, both being formed in spring cage 12. A tainer 14. A suitable compression spring 69 is opera- 
reduced diameter upper end portion of the needle valve tively positioned in the pressure control chamber 72 to 
44 extends through the central opening 50 in the spring impose a light load on the spool valve 60 to affect a 
cage and abuts a spring seat 51. Compressed between finite position thereof in the between injection mode to 
the sprmg seat 51 and spring retainer 14 is a coil spring 55 be described in detail hereinafter. 
52 which normally biases the needle valve 44 to its As shown in FIG. 4, the pressure control chamber 72 
closed position shown. & m flow communication with the high pressure pas- 
In order to prevent any tendency of fuel pressure to sage 31 by a side branch throttle orifice passage 73 
build up in the spring chamber 48, this chamber, as which includes a vertical passage 74 in director cage 17 
shown in FIG. 1, is vented through a radial port passage 60 (FIG. 3) that extends from recess 28 to interconnect 
55 to an annular groove 54 provided on the outer pe- with an inclined passage 75 in the spool valve cage 16 
ripheral surface of spring cage 12. While a close fit that opens into the pressure control chamber 72, that 
exists between the nut. 10 and spring cage 12, spring passage 75 containing a throttie orifice 76 of predeter- 
retainer 14 arid the lower reduced diameter end of the mined flow area, as desired. 

spool valve cage 15, there is sufficient diametral clear- 65 As best seen in FIG. 5, the pressure control chamber 
ance between these parts for the venting of fuel back to 72 is also in flow communication with a low fuel pres- 
a relatively low pressure area, such as to the supply/- sure area, such as supply/drain chamber 20 via a sec- 
drain chamber 20. ondary drain passage means, generally designated 77, 
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with drain flow through this secondary drain passage 
means 77 being controlled by a suitable, normally open 
solenoid actuated control valve generally designated 
80. In the embodiment illustrated, the solenoid actuated 
control valve 80 is of the type disclosed in the above- 5 
identified U.S. patent application Ser. No. 350,267, now 
U.S. Pat. No. 4,392,612, the disclosure of which is in- 
corporated herein by reference thereto. 

In the construction illustrated and with reference to 
FIG. 1, this drain passage means 77 includes, starting 10 
from the pressure control chamber 72, an upwardly 
inclined passage 81 in valve body 16 that communicates 
at its lower end with chamber 72 and at its upper end 
with a passage 82 extending through director cage 17 so 
as to be in flow alignment with the lower end of a suit- 15 
able drain passage 83 provided in body 1. At its upper 
end, the drain passage 83 opens through a valve guide 
wall 84a provided by a stepped bore 84 formed in the 
side body lb. This stepped bore 84 is formed so that the 
lower end of the valve guide wall 84a opens into a spill 20 
cavity 85, with an annular valve seat 846 encircling the 
lower end of the guide wall 84a. 

Spill cavity 85 is, in turn, in flow communication via 
a passage 86 to an annular groove 87, formed in cylinder 
wall 2 so as to encircle plunger 3, and then via a radial 25 
passage 88 and an downward inclined passage 90 with 
the supply /drain chamber 20. To insure unrestricted 
flow from passage 90 to supply/drain chamber 20, an 
aligned radial extending groove 91 is provided in the 
upper surface of the director cage 17 (FIGS. 1 and 2). 30 

As is well known in the art, locating pins, such as 
dowels, would be positioned in suitably located guide 
holes, both not shown, so as to maintain the desired 
angular alignment of the spring retainer 14, spool valve 
cage 15, valve cage 16, director cage 17 and the body 1 35 
relative to each other in the manner illustrated. 

Flow from the passage 83 to the spill cavity 85 is 
controlled by the control valve 80 which is in the form 
of a hollow, pressure balanced poppet valve having a 
head 80a adapted to seat against valve seat 84a at its 40 
interconnecting edge with valve guide wall 84a and, a 
stem 806 slidably guided in the valve guide wall 84a. A 
portion of the stem 80a next adjacent to the head 80a is 
of reduced diameter and of an axial extent so as to form 
with the valve guide wall 84a an annulus cavity 92 that 45 
is always in flow communication with passage 83 dur- 
ing opening and closing movement of control valve 80. 

The control valve 80 is normally biased in a valve 
opening direction, downward with reference to FIG. 1, 
by means of a coil spring 93 loosely encircling an inter- 50 
mediate upper end portion of the valve stem 806 with 
one end of the spring in abutment against a washer-like 
spring retainer 94 on the control valve 80 and its other 
end in abutment against a spring retainer 95 fixed as by 
screws 96 to the upper surface of the side body portion 55 
lb concentric with bore 84. The upper free end of the 
valve stem 806 extends loosely through a central aper- 
ture 95a in the spring retainer 95 and has the armature 
94 of a solenoid assembly, generally designated 100, 
fixed thereto as by a screw 98. 60 

As seen in FIG. 1, the armature 97 is loosely received 
in the complementary shaped armature cavity 102 pro- 
vided in a solenoid spacer 103 for movement relative to 
an associate pole piece 101 of the solenoid assembly. 

As shown, the solenoid assembly 100 further includes 65 
a stator assembly, generally designated 104, having a 
flanged inverted cup-shaped solenoid case 105, made 
for example, of a suitable plastic such as glass filled 
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nylon, which is secured as by screws 106 to the upper 
surface of the side body portion 16, with the solenoid 
spacer 103 sandwiched therebetween, in position to 
encircle the spring retainer 95 and bore 84. A coil bob- 
bin 107, supporting a wound solenoid coil 108 and, a 
segmented multi-piece pole piece 101 are supported 
within the solenoid case 105. 

In the construction illustrated, the lower surface of 
the pole piece 101 is aligned with the lower surface of 
the solenoid case 105, as shown in FIG. 1. With this 
arrangement, the thickness of the solenoid spacer 103 is 
preselected relative to the height of the armature 97 
above the upper surface of the side body portion 16, 
when control valve 80 is in its closed position, so that a 
clearance exists between the upper working surface of 
the armature and the plane of the upper surface of the 
solenoid spacer whereby a minimum working air gap 
will exist between the opposed working faces of the 
armature and pole piece. 

As would be conventional, the solenoid coil 108 is 
adapted to be connected to a suitable source of electri- 
cal power via a fuel injection electronic control circuit, 
not shown, whereby the solenoid coil can be energized 
as a function of the operating conditions of an associ- 
ated engine in a manner well known in the art. 

In the construction shown, the spill cavity 85 is de- 
fined in part by a closure cap 111, of a suitable diameter 
so as to be received in the lower bore wall 84c, is se- 
cured to the side body 16 as by screws 112. In addition 
the closure cap 111 is provided with a central upstand- 
ing boss 111a of predetermined height whereby to limit 
opening travel movement of the control valve 80. 

Although the illustrated and above-described sole- 
noid actuated control valve 80 is a pressure balanced 
valve of the type disclosed in the above-identified appli- 
cation Ser. No. 350,267, it will be appreciated by those 
skilled in the art, that a solenoid actuated non-pressure 
balanced type poppet valve of the type disclosed in the 
above-identified application Ser. No. 457,417 or a sole- 
noid actuated needle valve of the type disclosed in the 
above-identified Pat. No. 4,129,253 can be used in lieu 
of this pressure balanced valve. 

FUNCTIONAL DESCRIPTION 

Referring now in particular to FIG. 1, during engine 
operation, fuel from a fuel tank, not shown, is supplied 
at a predetermined supply pressure Po by a pump, not 
shown, to the subject electromagnetic unit fuel injector 
through for example a fuel supply gallery, not shown, in 
flow communication with one of the ports 21 in the nut 
10 of the injector. Fuel as thus delivered through a port 
21 flows into the supply/drain chamber 20. 

Thus during a suction stroke of the plunger 3, fuel can 
then flow from the supply/drain chamber 20 via radial 
passages 24 and valve 26 controlled bore passage 25 into 
the pump chamber 8. At the same time, fuel will be 
present in the high pressure passage means 31, throttle 
orifice passage 73 and pressure control chamber 72, and 
in the primary and secondary drain passage means 
(70,71) and 77, respectively. 

Thereafter, as the follower 5 is driven downward, as 
by a cam or rocker arm, not shown, to effect downward 
movement of the plunger 3 on a pump stroke, this 
movement of the plunger will cause fuel to be displaced 
from the pump chamber 8 and effect an increase of the 
pressure of fuel in this chamber and in the high pressure 
passage means 31. 
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Referring now to the functional diagrams of FIGS. 5 PI to a value whereby to effect the unseating of the 

and 6, FIG. 5 shows the position of the differential needle valve 44 so as to initiate injection. 

; valve 60 and of the solenoid actuated control valve 80 in Upon deenergization of the solenoid coil 108, injec- 

the between injection cycle or spill mode (non-injection tion will terminate rapidly since the pressure P2 in the 

mode) while FIG. 6 shows the position of these ele- 5 pressure control chamber 72 will then again be dumped 

ments during an injection mode, both as during a pump via the now open, control valve 80 to drain pressure Po, 

■ stroke of the plunger 3. so that once again PI will be greater than P2 to thus 

As shown in FIG. 5, in the between injection mode, allow the spool valve 60 to rapidly move to its open 

with the solenoid coil 108 deenergized, the control position, the position shown in FIG. 5. As this occurs 
valve 80 is in an open position relative to valve seat 84b 10 ^ pressure PI in the high pressure passage means 31 is 

so as to permit the drain of fuel from the pressure con- dumped to supply/drain pressure Po in the manner 

trol chamber 72 via the secondary drain passage means previously described. Injection is thus rapidly termi- 

to a low supply/drain pressure Po area, such as to sup- nated 38 the pressure PI becomes less than the nozzle 

ply/drain chamber 20 via the primary drain passage closing pressure. 

means 70,71. 1 5 It should now be apparent that by the use of the pilot 

Accordingly, during this pump stroke of plunger 3, pressure controlled, differential diameter spool valve 60 

the pressure of fuel in the high pressure passage means disclosed, the volume of fuel in the high pressure mjec- 

31 will be increased to a pressure PI, a pressure value hon system P ortion of ^ injection can be substantially 

greater than the supply pressure Po, as a function of reduced relative to other known type electromagnetic 

plunger velocity. 20 umt mJ 60 * 01 " 3 - Thus the subject injector, by virtue of the 

This pressurized fuel in the high pressure passage Te ??F volume in the hi S h P^ure injection system, 

means 31 will also flow via the throttle orifice passage ™ H * e °P erat,ve ™™ t0 P roduce ■ higher rate of injec 

73 into the pressure control chamber 72 and then flow t,on . m ^"PPf RPM operating range of an associated 

from this chamber 72 to drain at a; controlled rate so „ en g ne wta *V lo P«? optimization of the engine 

that fuel in the pressure control chamber 72 will be at a 25 P erfor ™ nce ** now be apparent, reduc- 

pressure P2. However, during this between injection ^^lT°/ T V ^t Vmm Z 

cycle, the pressure PI will always be greater than pres- T^^^T " ^ flmd F^ 5 

sureP2asLlflowisthrot^^^^ gg 1 ^ Uon m fluid 

?J?J^ ™e use of the differential^ 

S?2? *i Ft? T7 8 6 80fl ° f drain rneans 83, the control valve 80 and associ- 

'^t^ V* * « ated solenoid """^ 100 to * mtotuftad since 

This throttle ratio and the diameter D2 of the differ- these elements are merely used in the subject unit injec- 

entia spool valve 60 relative to the diameter; of the tor t0 onJ modulate ^ m ^ ^ coaM 

spool valve seating surface are preselected so the force 35 chamber 72. 

Fl (FIG. 5) acting to open the spool valve 60 is greater The incorporation of the differential valve in a sub- 

than the force K opposing opening movement of the jec t unit injector in accordance with the subject inven- 

spool valve 60. The force of spring 69 merely helps to tion, allows the primary fuel bypass (non-injection 

limit opening movement of the spool valve. mode ) to spill directly as into an engine block fuel gal- 

These forces are calculated as follows: 40 lery, thus optimizing the injection characteristic pres- 

_ sure decay rate to maximize the reduction of emission 

( ' hydrocarbons during engine operation. Factors contrib- 

F2=P2(A2) uting t0 this improved injection decay rate include 

those indicated above (less fuel inertness, capacitance, 

thus in this mode force Fl is always greater than force 45 ^ resistance) since the primary fuel spill is direct, that 

P2 is, it does not have to flow through a relatively long 

Inthisbetweeninjectioncycleorspillmode, withthe SKn^LT^ ma «FF y ^ P Ff F?* 

differential valve 60 open to permit flow communica- valv ^f d <f er dram P«?W» to "*> • fuel return 

„. . . , *T " * " . WI "" 1U "™ conduit as, for example, in the manner shown in the 

uon between annulus chamber 35 fuel from the high „ above . id e„tified U.S. Pat No. 4,129,253. 

I^^KL^ 31 ^***^***y*> Thus in accordance with the sub£t invention, the 

'» iSrtJ^t T ■ d "5 M C ^ hCT ^tion of the solenoid (electroma^etically) actuated 

20 via the pnmary drain passage means described, so vaIve drain ^ ( J^ry ^ 

F\u It ? mode, the pressure PI will alwaysj* means) b pi3ot r ' wMc ^ .^^SSc 

le^ than that required to effect opening of the needle 55 differential spool valve is fuel drain flow control during 

^ . . . , . w _ . . . a pump 6troke of the associate plunger. 

The injection mode shown in FIG. 6 is initiated by the present invention, as to objects and advan- 

energization of the solenoid coil 108 whereby to effect tages, has been described herein as carried out in a spe- 

closure of the control valve 80. With this control valve ci f lc embodiment thereof, it is not desired to be limited 

80 closed, the position shown in FIG. 6, the pressure P2 60 thereby but is intended to cover the invention broadly 

m the pressure control chamber 72 rapidly approaches within the spirit and scope of the following claims, 

the pressure PI and, since D2 is larger than Dl, there- The embodiments of the invention in which an exclu- 

fore the force F2 will be greater than that of force Fl sive property or privilege is claimed are defined as 

and, accordingly, the spool valve 60 will move to its follows: 

closed position, the position shown in FIG. 6. As this 65 1. An electromagnetic unit fuel injector including a 

occurs, the high pressure passage means 31 is, in effect,. housing means having a pump cylinder means therein; 

captivated so that continued downward movement of an externally actuated plunger reciprocable in said cyl- 

the plunger 3 will effect intensification of the pressure inder means to define therewith a pump chamber open 
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at one end for the discharge of fuel during a pump 
stroke and for fuel intake during a suction stroke of said 
plunger; a valve controlled passage means in flow com- 
munication at one end with said pump chamber and 
connectable at its other end to a source of fuel at a 5 
suitable supply pressure; said housing means including a 
valve body having a spray outlet at one end thereof for 
the discharge of fuel; an injection valve means movable 
in said valve body to control flow through said spray 
outlet; a discharge passage means connecting said pump 10 
chamber to said spray outlet; a drain passage means 
connectable at one end to a source of fuel at a suitable 
supply pressure; a stepped valve guide bore means in 
said housing means intersecting a portion of each said 
discharge passage means and said drain passage means 15 
and defining an annular valve seat therebetween; a dif- 
ferential valve slidably movable in said guide bore 
means between an open position and a closed position 
relative to said valve seat, the larger diameter end of 
said differential valve defining with a corresponding 20 
sized portion of said guide bore means a pressure con- 
trol chamber, said discharge passage means including 
branch passage means with a flow control orifice 
therein opening into said pressure control chamber; 
and, a solenoid actuated valve controlled passage means 25 
for effecting flow communication between said pressure 
control chamber and said drain passage means. 

2. An electromagnetic unit fuel injector including a 
housing means having a pump cylinder means therein; 
an externally actuated plunger reciprocable in said cyl- 30 
inder means to define therewith a pump chamber open 
at one end for the discharge of fuel during a pump 
stroke and for fuel intake during a suction stroke of said 
plunger; a valve controlled supply passage means in 
flow communication at one end with said pump cham- 35 
ber and connectable at its other end to a source of fuel 
at a suitable supply pressure; said housing means includ- 
ing a valve body having a valve controlled spray outlet 
means at one end thereof for the discharge of fuel; a 
discharge passage means connecting said pump cham- 40 
ber to said spray outlet; a primary drain passage means 
connectable at one end to a source of fuel at a suitable 
supply pressure; a stepped valve guide bore means in 
said housing means intersecting a portion of each said 
discharge passage means and said primary drain passage 45 
means and defining an annular valve seat therebetween; 
a differential valve slidably movable in said guide bore 
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means between an open position and a closed position 
relative to said valve seat, the larger diameter end of 
said differential valve defining with a corresponding 
sized portion of said guide bore means a pressure con- 
trol chamber, said discharge passage means including 
branch passage means with a flow control orifice 
therein opening into said pressure control chamber; 
and, a solenoid actuated valve controlled secondary 
drain passage means having a flow control orifice 
therein for effecting flow communication between said 
pressure control chamber and said primary drain pas- 
sage means. 

3. An electromagnetic unit fuel injector including a 
housing means having a pump cylinder means therein; 
an externally actuated plunger reciprocable in said cyl- 
inder means to define therewith a pump chamber open 
at one end for the discharge of fuel during a pump 
stroke and for fuel intake during a suction stroke of said 
plunger; a one-way valve controlled supply passage 
means in flow communication at one end with said 
pump chamber and connectable at its other end to a 
source of fuel at a suitable supply pressure; said housing 
means including a valve body having a spray outlet at 
one end thereof for the discharge of fuel; an injection 
valve means movable in said valve body to control flow 
through said spray outlet; a discharge passage means 
connecting said pump chamber to said spray outlet; a 
primary drain passage means connectable at one end to 
a source of suitable supply pressure; a stepped valve 
guide bore means in said housing means intersecting a 
portion of each said discharge passage means and said 
drain passage means and defining an annular valve seat 
therebetween; a stepped diameter spool valve slidably 
movable in said guide bore means between an open 
position and a closed position relative to said valve seat, 
the larger diameter end of said spool valve defining 
with a corresponding sized portion of said guide bore 
means a pressure control chamber, said discharge pas- 
sage means including branch passage means with a flow 
control orifice therein opening into said pressure con- 
trol chamber; a secondary drain passage means in flow 
communication at one end with said pressure control 
chamber and at its other end in operable flow communi- 
cation with said primary drain passage means and pas- 
sage means for controlling flow therethrough. 
***** 



50 



55 



60 



65 



03/04/2004, EAST Version: 1.4.1 



